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WATER ON EXTRATERRESTRIAL OBJECTS 

H. Woehl 

ABSTRACT.. The s p e c t r a l  a n a l y s i s  methods used f o r  d e t e c t i n g  water 
on c e l e s t i a l  bodies  are descr ibed,  and t h e  poss ib l e  abundance of 
water on p l a n e t s  and stars are discussed. Schuber t ' s  t heo ry  of 
water e r o s i o n  on the  l u n a r  su r face  i s  reconsidered,  and the pos- 
s i b l e  ex i s t ence  of i c e  and water on t h e  moon is  suggested. The 
c u r r e n t  evidence of water abundances on o the r  p l a n e t s  of t h e  
s o l a r  system is  reviewed. Synthesis  of water i n  a s te l lar  atmos- 
phere as a func t ion  of temperature and concen t r a t ions  of com- 
ponent elements is  examined. 
stars and i n  i n t e r p l a n e t a r y  space i s  quoted. The poss ib l e  s y n t h e s i s  
of water wi th in  t h e  umbrae of sunspots  is  discussed. 

The e x i s t e n c e  of water on c o o l  

A 7 1  -2 695 6 

Water is  one of t h e  most important chemical compounds on e a r t h  f o r  l i v i n g  

Every r e a d e r  knows from h i s  own experience what s i g -  

/93* - 
t h i n g s  of a l l  kinds.  

n i f i cance  water h a s  f o r  humans, animals and plants.. Water - " in  t h e  chemical 

sense" a compound made from t h e  elements hydrogen and oxygen, symbolical ly  

H20 - is  a d d i t i o n a l l y  ve ry  common and plays a s i g n i f i c a n t  r o l e  i n  the  cycle  

of so -ca l l ed  inanimate na tu re  owing'to i ts  s p e c i a l  phys i ca l  and chemical proper- 

t i e s .  Expansion occurr ing with f r e e z i n g  is  d e c i s i v e  f o r  many e ros ion  phenomena. 

The very h igh  energy of evaporat ion and thermal capac i ty  have a compensatory 

balancing e f f e c t  on t h e . d i s t r i b u t i o n  of t h e  s u n ' s  energy r a d i a t e d  on t h e  surface. 

of t he  e a r t h .  The d i s so lv ing  c a p a b i l i t y  of many salts  is t h e  precondi t ion f o r  

salt  d e p o s i t s  from oceans and bays. 

It is  t h e r e f o r e  n o t  s u r p r i s i n g  t h a t  even c e n t u r i e s  ago the presence of 

water on e x t r a t e r r e s t r i a l  o b j e c t s  w a s  presumed. The darker  a r e a s  of t h e  

moon's su r f ace  were designated by the  La t in  name mare, i.e.,  sea, 

were observed on t h e  p l ane t  Mars and were thought t o  be f i l l e d  wi th  water by 

h igh ly  imaginative humans. The s i m i l a r l y  conceived M a r s '  men were supposed t o  

have b u i l t  t hese  hundred-kilometer wide t r enches  i n  order  t o  supply t h e i r  

f i e l d s  with precious water. 

"Canals" 

I n  o rde r  t o  t e s t  t h e s e  hypotheses and look f o r  water on e x t r a t e r r e s t r i a l ,  

o b j e c t s ,  astronomers had t o  a v a i l  themselves of s c i e n t i f i c  methods used f o r  

* Numbers i n  the  margin i n d i c a t e  paginat ion of  t h e  f o r e i g n  t e x t .  
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detec t ion  o f  water, Water can be chemically de tec ted  i n  the  l abora to ry  by i t s  

r e a c t i o n s ,  t h a t  is, by e l e c t r o l y t i c  decomposition i n t o  hydrogen and oxygen. 

Using the s imples t  of means, such as s p s c i a l  s i l i c a t e s  which become colored 

through absorp t ion  of water, f r a c t i o n s  of a gram of water can e a s i l y  be de- 

tec ted .  I n  the  f i e l d  of physics ,  the  absorp t ion  of e lectromagnet ic  r a d i a t i o n ,  

i .e . ,  l i g h t ,  radiowaves or X-rays, can be determined i n  water. I n  t h i s  case ,  

var ious  de t ec t ion  methods can be used 'depending on which range of wavelengths 

is  appropr i a t e  f o r  the  absorpt ion.  

The o l d e s t  nethod is based on spectroscopy according t o  which water vapor 

i s  r a d i a t e d  by white l i g h t .  The l i g h t  from q u i t e  s p e c i a l  wavelengths is ab- 

sorbed by water molecules whereby the  molecules make a t r a n s i t i o n  from a lower 

t o  a higher  energy state. The absorp t ion  is  seen i n  the  spectrum by dark 

l i n e s .  The water vapor i n  the  e a r t h ' s  atmosphere causes  many hundreds of water 

vapor absorp t ion  l i n e s  t o  be seen i n  the  s u n ' s  s p c t r u m .  (Most l i n e s  i n  t,he 

s u n ' s  spectrum, however, have t h e i r  o r i g i n  i n  the  absorp t ions  owing t o  metals 

i n  the  outermost l a y e r s  of the  sun. These are the  Fraunhofer l i n e s  s o  desig- 

nated by t h e i r  discoverer . )  

The absorp t ion  i n  longwave s e c t o r s  ( r a d i o  r a d i a t i o n )  a l s o  p lays  a r o l e  of 

increas ing  importance i n  modern r e sea rch  f o r  the  de tec t ion  of water. I n  t h i s  

case ,  r a d i o  r a d i a t i o n ,  forl example, is r e f l e c t e d  o f f  a p lane t  and the  r e f l e c t e d  

r a d i a t i o n  measured. Changes i n  the  proper ty  of t h e  r a d i a t i o n ,  i . e . ,  i ts  

p o l a r i z a t i o n ,  a l low conclusions as t o  the  presence of water vapor. This  de- , 

t e c t i o n  method r e q u i r e s  a powerful r a d i o  transmitter and a s e n s i t i v e  de t ec t ion  

apparatus.  I n  t h i s  way, however, it is  poss ib le  t o  demonstrate t h e  r e f l e c t i o n  

of r a d i o  r a d i a t i o n  on p lane ts .  

The methods descr ibed only enable de t ec t ion  of f r e e  water vapor o r ,  as t h e  

case may b e ,  free water. A g r e a t  dea l  of water is, neve r the l e s s ,  contained 

i n  c r y s t a l s .  I n  order  t o  de t ec t  t h i s  water ,  chemical processes  are u s u a l l y  re- 

quired.  We s h a l l  confine our f u r t h e r  d i scuss ion  t o  f r e e  water on e x t r a t e r r e s t r i a l  

ob jec ts .  

Where up t o  t h i s  t i m e  has  free water been sought a f t e r  and where has  its 

exis tence  been proven? 



No water has  been de tec ted  on t h e  moon. The "seas" a r e  abso lu te ly  dry 

and the  a s t r o n a u t s  who walked on the  moon found no water. The "seas ,1 '  

r e l a t i v e l y  darker  than t h e i r  surrounding environment, are p l a i n s  made from a 

b a s a l t l i k e  material. How the  l a t t e r  and t h e  c h a r a c t e r i s t i c  moon c r a t e r s  came 

t o  be ,  t h e  astronomers hope t o  r e v e a l  through f u r t h e r  exp lo ra t ion  of t he  moon 

by a s t r o n a u t s  and, l a te r  on, astronomers and Feo log i s t s ,  or even b e t t e r  

s e l eno log i s t s .  

Even those who bapt ized  the  lTseasfl as such should have a l r eady  known from 

t h e i r  q u i t e  commonplace observa t ions  t h a t  t he  f'seas" could not  be f i l l e d  with 

water. When a sea or an ocean i s  observed. from a mountain top ,  i t  is  poss ib le  

t o  f i n d  the  sun r e f l e c t e d  i n  the  water when c e r t a i n  observat ion condi t ions  are 

s a t i s f i e d ,  which take i n t o  account t he  angle  of t h e  sun, t he  d i r e c t i o n  of view, 

and the  he ight  of  the  observer above the  water. This  would a l s o  have been the  

case when observing the  "seas" from the  e a r t h ,  bu t  never d id  occur. According 

t o  a r ecen t  theory  the re  i s  supposed t o  have been water fol lowing g r e a t  

meteori te  showers and the re  poss ib ly  w i l l  be again.  This  water is supposed t o  

be loca ted  s e v e r a l  k i lometers  down under t h e  sur face  of t h e  moon and t o  have 

come up through the  impact c r a t e r s  on t o  the  moon's su r f ace ,  and have c r e a t e a  

by e ros ion  the  r i v e r l i k e  rills of which t h e r e  are over 100 on the  moorl. 

G. Schubert ,  Los Angeles, who developed t h i s  theory ,  has  t e s t e d  i n  l abora to ry  

experiments how water behaves when it is  next  t o  a vacuum. I n  t h i s  ca se ,  t he  

evaporat ion t akes  hea t  from t h e  water s o  t h a t  a l a y e r  of i c e  r a p i d l y  forms under 

which a l a r g e  p a r t  of t he  water remains l i q u i d .  Nevertheless ,  i n  order  t o  

prove out t h i s  theory ,  d r i l l i n g s  w i l l  have t o  be made on the moon and t h i s  is 

hard ly  poss ib le  i n  the  next  f e w  years.  

The remaining p l ane t s  of our solar system have been i n t e n s i v e l y  i n v e s t i g a t e d  

f o r  water. It is  c e r t a i n  t h a t  nowhere does water play the  dominant r o l e  is 

does on ea r th .  

Mars is  the  p lane t  which is most l i k e  ea r th .  Its polar  caps poss ib ly  

arise from f r o s t .  The r a p i d  changes i n  the  expansion of  these  white caps a t  the  

nor th  and south pole of Mars, poss ib le  t o  see with small t e l e scopes ,  i n d i c a t e  

t h a t  t he  f r o s t  l a y e r  is probably q u i t e  t h in .  It may be t h a t  t h e  caps are made 

up from s o l i d  carbon dioxide which resembles snow at temperatures under - 7 8 " ~  



(dry  i c e ) .  

of t he  g r e a t  t e l e scopes  and automatic probes with which Mars has  been i n v e s t i -  

gated.  This  is  probably a matter  of o p t i c a l  i l l u s i o n s  of e a r l i e r  observers  - 
and by no means do they  conta in  f r e e  blazer i n  g r e a t  q u a n t i t i e s .  

The re ferenced  "canals" are not  discoverable  f o r  c e r t a i n  by means 

Mercury, c l o s e s t  p lane t  t o  the  sun a i d  q u i t e  l i k e  t h e  e a r t h ' s  moon, l ikewise  

has  no water on the  surface.  I n  a d d i t i o s ,  i t  probably has  no atmosphere a t  

a l l  - 
The p lane t  Venus has  a l s o  i n  p a s t  years  been i n t e n s i v e l y  inves t iga t ed  by 

means of a r t i f i c i a l  probes. It is  q u i t e  mysterious owing t o  its impenetrable 

cloud cover. Up t o  the  present  time, only carbon dioxide (GO ) and carbon mon- 

oxide (GO) could be de tec ted  spec t roscop ica l ly  i n  i ts  atmosphere. 

of water were probably de tec ted ,  owing t o  the change i n  po la r i za t ion  of the  ' 

sun l igh t  which it r e f l e c t s .  

- / S  

2 
Small amounts 

Water h a s  a l s o  been de tec ted  on Mars by t h i s  method. 

The l a r g e s t  p l a n e t ,  J u p i t e r ,  is presumed t o  have water i n  i ts  atmosphere 

although a c l e a r  proof of t h i s  has  n o t  ye t  been made. 

has  ye t  been de tec ted  on the  o the r  p l a n e t s  and t h e i r  moons. 

Also, no f r e e  water 

Concentration of some v a r i e t i e s  of atoms 
and molecules i n  the  atmosphere of a 
normal dwarf star with high-oxygen con- 
t e n t  (luminaxce c l a s s  V I .  

By app l i ca t ion  of well-known l a w s  

of physics  t o  the  c e l e s t i a l  bodies  i t  

can be t h e o r e t i c a l l y  ca l cu la t ed  whether 

water i s  t o  be expected on a c e l e s t i a l  

body and how long  it  could have been 

there .  Owing t o  thermal motion gas  is  

always excaping from a c e l e s t i a l  body. 

When the  temperature i s  r e l a t i v e l y  

s l i g h t ,  i.e., t he  thermal v e l o c i t y  

accordingly low, a c e l e s t i a l  body can 

r e t a i n  gases f o r  a longer  time. 

a d d i t i o n ,  the escape becomes more i m -  

probable with r e l a t i v e  increase  i n  mass 

and decrease i n  r a d i u s  of t h e  body. 

Since the water molecule is  r e l a t i v e l y  

I n  

l i g h t  i n  comparison with o ther  molecules o r d i n a r i l y  making up p lane t  atmospheres, 

i t  makes its escape expec ia l ly  fast from an atmosphere. 

4 
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t h a t  water on Mercury and the  moon remains only a very s h o r t  time i n  con t r a s t  

t o  the  age of these  ce l e ' s t i a l  bodies.  On comparable masses of bodies  f u r t h e r  

removed from the sun and hence co lde r ,  water is r e t a i n e d ,  on the  o the r  hand, 

f o r  per iods  of time which are comparable wi th  the  age of t he  c e l e s t i a l  body 

( s e v e r a l  b i l l i o n  years ) .  

Commencing wi th  water on the  e a r t h  a search  f o r  water should first be 

c a r r i e d  out  on those c e l e s t i a l  bodies  more or l e s s  l i k e  the e a r t h ,  e.g., t he  

l a r g e r  p lane ts .  After what w a s  s t a t e d  i n  t h e  las t  paragraph concerning water 

i n  the  atmosphere of c e l e s t i a l  bodies ,  no water should be expected t o  be found 

on 'the p l ane to ids  which o r b i t  around the  sun between the  o r b i t a l  pa ths  of Mars 

and J u p i t e r ,  s ince  t h e  former have much too  small masses. 

I n  some cases ,  d i s turbances  of t he  o r b i t s  of o the r  stars have l e d  t o  t h e o  

assumption of ex i s t ence  of p l a n e t l i k e  s a t e l l i t e s  with these  stars, It can 

a l s o  be presumed from the  hypothe t ica l  scheme of the  o r i g i n  of our planetapy 

system t h a t  similar systems e x i s t  around o the r  stars. 

has  y e t  been de tec ted  around any s tar  o the r  than  the  sun. 

ever  be poss ib le  t o  do o p t i c a l l y  from the earth's sur face  s ince  the  b r igh tness  

t o  be expected of t he  o b j e c t s  would be very  s l i g h t .  

sence of water on these  unknown o b j e c t s  is the re fo re  no t  very reasonable.  

Up u n t i l  now no p lane t  

This  should ha rd ly  

Speculat ion as t o  the  pre- 

To look f o r  water on e x t r a t e r r e s t r i a l  o b j e c t s  o ther  than those resembling 

p l ane t s  i s  l ikewise  n o t  very reasonable.  The a s t r o p h y s i c i s t  H. N. Russe l l ,  

however, d id  show over 35 years  ago t h a t  i n  the  gas mixtures of chemical elements 

making up  the s u n ' s  su r f ace ,  at temperatures  of 3OOO"C and less ,  the  water 

molecule is  one of t h e  most comrnan gas  p a r t i c l e s .  Added t o  t h i s  a s h o r t  

t h e o r e t i c a l  observa t ion ,  e.g., a so-ca l led  dynamic equi l ibr ium p r e v a i l s  i n  gas  

mixtures which means t h a t  compounds are always being broken up  and formed anew. 

The rates of decomposition and formation as wel l  as the  adjustments  of equi- 

l ib r ium are a func t ion  of the  temperature and the  f requencies  (concent ra t ions)  

of the  elements. The equi l ibr ium adjustment can be ca l cu la t ed  us ing  t h e  so- 

c a l l e d  l a w  of mass e f f e c t  of Guldberg and Waage 

K(A) K(B)/K(AB) = F(T) 

This  equat ion states t h a t  t he  product of t he  concentrat ion of t h e  gases  of 

elements A and B divided by the concent ra t ion  of the  gas  of compound AB from 
b 
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elements A and I3 i s  a func t ion  of temperature. 

The curves shown i n  the  f i g u r e  are supported by the  work of Russell and 

r ecen t  pub l i ca t ions ,  They show among o the r  t h i n g s  the frequency of water 

as a func t ion  of temperature i n  a gas  mixture similar t o  t h a t  p reva len t  on the  

sun. Since i n  a d d i t i o n  t o  water t h e r e  are s t i l l  many o the r  compounds which 

conta in  oxygen and hydrogen and a11 of which possess  d i f f e r i n g  func t ions  F ( T ) , ' t h e  

sum of the  f requencies  of water, hydrogen and oxygen is no t  constant .  Under 

3000°C t h e  water molecule is, as descr ibed ,  one of the  most common pa r t i ' c l e s  

i n  t h i s  gas mixture. 

After many t r ia ls ,  G. Kuiper,  the American astronomer, w a s  f i n a l l y  ab le  

t o  d e t e c t  water i n  the phys ica l ly  v a r i a b l e  star Mira. Kuiper found water vapor 

absorp t ion  l i n e s  i n  the  i n f r a r e d  spectrum range of 14,000 t o  l9,OOO A, 

l i n e s  increased  i n  i n t e n s i t y  as the  star became colder .  

its b r igh tness  q u i t e  cons iderably  i n  i n t e r v a l s  of s eve ra l  hundred days. 

phys ica l  change corresponds t o  a temperature change of t h e  f a r t h e s t  ou ts ide  

l a y e r  of t he  s t a r . )  

Tnese 

(The star Mira changes 

This  

I n  the pas t  yea r s  water vapor h a s  been de tec ted  spec t roscop ica l ly  on a 

number of ' lcooll '  stars, i.e.., stars wi th  'surface temperatures under 4000°C. 

A temperature of 5500°C p r e v a i l s  on the  average on t h e  sun, The water 

molecules are accord ingly  almost a l l  decomposed. 

scopic  observa t ions  t h a t  the  elements oxygen and hydrogen a r e  neve r the l e s s  

present  i n  g r e a t  q u a n t i t i e s  on the  sun. i t  would be poss ib le  f o r  water t o  be 

formed i n  de t ec t ab le  q u a n t i t i e s  i n  cooler  r eg ions  of t he  sun. 

It is  known from o the r  s i e c t r o -  

Actual ly ,  t he re  are cooler  r eg ions  on the sun. These are the  sunspots  

i n  whose umbras the  temperature o f t e n  drops under 3OOO"C. i n  t he  spectrum of 

the  umbras the re  are far more absorp t ion  l i n e s  than  i n  the spectrum of the  

photosphere. This  enables  t h e  conclusion,  even without prec ise  da ta ,  t h a t  com- 

pounds are present  i n  the  umbras which a r e  n o t  s t a b l e  i n  the h o t t e r  r eg ions  of 

the  sun. i n  accordance with t h e  t h e o r e t i c a l  cons idera t ions  of Russel and o the r  

a s t r o p h y s i c i s t s  t he re  must be water present  i n  de tec tab le  q u a n t i t i e s  i n  the  

umbras of t he  sunspots.  The de tec t ion  is  n o t  easy ,  however, owing t o  the  

s t rong  lines o f  absorp t ion  of terrestrial  water i n  the  s u n ' s  spectrum. The 
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spectroscopic  searches  c a r r i e d  out  up u n t i l  now €or water i n  sunspots  show t h a t  

the t e r r e s t r i a l  l i n e s  i n  the  spectrum of the  umbras become re inforced .  The 

de tec t ion  of water vapor i n  the  umbras of sunspots ,  however, is no t  ye t  unequi- 

vocal. 

concentrat ion of water vapor i s  less ,  or with instruments  enabl ing observat ions 

t o  be made from outs ide  t h e  atmosphere, i t  should soon be poss ib le  t o  unequivocal ly  

de t ec t  water i n  sunspots.  

By observat ion from h igh-a l t i t ude  r e sea rch  s t a t i o n s ,  where the t e r res t r ia l  - /95 

One b r i e f  es t imate  may shed l i g h t  on the  quan t i ty  of water on t h e  sun,  

e.g. one l a r g e  sunspot can have an  area j u s t  as l a r g e  as the  e a r t h ' s  sur face  

(approximately 500 mi l l i on  $quare k i lometers ) ,  According t o  the  da t a  i n  the  

f i g u r e ,  one i n  every  thousand p a r t i c l e s  i n  the  gas  corresponding t o  the  umbras 

i s  a water molecule. Since the  water molecule i s  r e l a t i v e l y  heavy i n  comparison 

with the  otherwise more f requent  p a r t i c l e s ,  it can be assumed t h a t  ba re ly  1% 

by weight of the  sunspot material is  water, From measurements and t h e o r e t i c a l  

cons idera t ions  i t  can with some degree of c e r t a i n t y  be concluded t h a t  t he re  i s  

a mean dens i ty  amounting t o  one-tenth of a mi l l i on th  of a gram per  cubic cen t i -  

meter of t h e  umbra material. The depth of a sunspot i s  assumed t o  be approximate- 

l y  1000 km. 

5-d' grams and the  q u a n t i t y  of water t o  5-10 
one mi l l i on th  of t h e  q u a n t i t y  of water on the  e a r t h  (approximately l O I 8  tons) .  

Even i n  the  case of maximum sunspot a c t i v i t y ,  when more than t h r e e  pars  pro m i l l e '  

It then  fol lows t h a t  t he  mass of an  umbra amounts t o  approximately 

tons.  It amounts t o  l e s s  than 11 

of the  s u n ' s  sur face  are covered by sunspots ,  t he  t o t a l  amount of water reaches 

hard ly  a thousandth of t h a t  of water on the  ea r th .  Since the  quant i ty .  of water 

on Mars and Venus and the  o the r  e x t r a t e r r e s t r i a l  o b j e c t s  i n  our p lane ta ry  

system is  pe rcep t ib ly  l e s s ,  it can be assumed t h a t  t he  sun i s  second i n  our 

p lane tary  system only  t o  e a r t h  as a p r i n c i p a l  c a r r i e r  of f r e e  water. 

I n  the  last  f e w  yea r s ,  a s t rophys ica l  r e sea rch  has  no t  only s tud ied  the  

stars and systems of stars, but  a l s o  the  space between the  stars and the  s p i r a l  

nebulae,  i . e . ,  the  i n t e r s t e l l a r  and i n t e r g a l a c t i c  space,  and has  continued in-  

volvement i n  the  i n v e s t i g a t i o n s  on t h e  space-time design of the  world. It has 

been known f o r  decades t h a t  i n t e r s t e l l a r  space i s  not  empty. It is  f i l l e d  with 

i n t e r s t e l l a r  ma te r i a l  which considerably changes i n  p a r t  t h e  observed l i g h t  

of t he  stars. It has  only been very r e c e n t l y  t h a t  water vapor has  been de tec ted  

using r a d i o  astronomical  methods i n  i n t e r s t e l l a r  space iri reg ions  with h igh ly  
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i on ized  hydrogen ( i - e .  r eg ions  i n  which free protons a r e  p r e s e n t ) ,  The f re-  

quency of t h e  observed l i n e  is i n  the v i c i n i t y  of 22 GHz,  corresponding t o  a 

wavelength of 1.3  cm. The concen t r a t ion  of water i n  i n t e r s t e l l a r  space i s  

s t i l l  uncertain.  A l s o ,  concerning the  s i g n i f i c a n c e  of t he  d e t e c t i o n  of mole- 

c u l e s  i n  i n t e r s t e l l a r  space - i n  a d d i t i o n  t o  H 0, f o r  example, ammonia and the 

OH r a d i c a l  were found - i n  r e l a t i o n  t o  the  o r i g i n  of stars from i n t e r s t e l l a r  

material, t h e r e  are st i l l  no more p r e c i s e  ideas .  

2 

Some water is  p resen t  on ' t hose  most s p e c t a c u l a r  o b j e c t s  of t he  e a r l y  

h i s t o r y  of astronomy, t h e  comets. It is evaporated from i c e  c r y s t a l s  when 

the  comet comes i n  the  v i c i n i t y  of t h e  sun owing t o  the  r a d i a t i o n  of t h e  sun, 

and through the  head of t h e  comet and its t a i l  d i s t r i b u t e d  i n  i n t e r p l a n e t a r y  

space. The d i f f e r e n c e  between what is  apparent  and,what is rea l ,  which i s  o f t e n  

t o  be found i n  astronomy, becomes e s p e c i a l l y  v a l i d  here.  

s i d e r e d  e a r l i e r  t o  be ha rb inge r s  of bad luck which could burn everything 

up with t h e i r  t a i l .  

bodies  'in t h e  p l ane ta ry  system and even con ta in  water. 

The comets were con- 

Now w e  know tha-t t hey  are r e l a t i v e l y  small and i n s i g n i f i c a n t  
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